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202~ | ACQUIRED FRONT PATTERN WAFER PHASE MAP AND CALCULATE

FRONT SURFACE HEIGHT MAP

204~ PERFORM HIGH-PASS FILTERING ON FRONT
WAFER SURFACE IMAGE

206~ IDENTIFY HIGH VARIATION REGIONS ON FILTERED FRONT

208—|  PERFORM CONVEX HULL ANALYSIS TO DEFINE POTENTIAL
ERROR REGIONS ON FRONT SURFACE

430~  GENERATE REFERENCE SURFACE IMAGE FROM IMAGE DATA
WITH ERRONEOUS REGION EXCLUDED

CALCULATE REQUIRED LARGE SCALE SURFACE HEIGHT
212~} CORRECTION VALUE ACCORDING TO REFERENCE IMAGE MAP
AND DETAILED SURFACE HEIGHT CORRECTION VALUE
ACCORDING TO ORIGINAL ACQUIRED PHASE MAP

- OBTAIN FILTERED FRONT WAFER SURFACE MAP

FI1G.2
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500 ™~

502 — ACQUIRED BOTH FRONT AND BACK PHASE MAPS AND
% CALCULATE FRONT AND BACK SURFACE HEIGHT MAPS

504~ CALCULATE WAFER THICKNESS MAP AND
é THICKNESS HISTOGRAM

IDENTIFY ERROR REGIONS ON THICKNESS MAP USING
MANUALLY SELECTED THICKNESS VARIATION RANGE
THRESHOLDS OR AUTOMATICALLY DETERMINED THICKNESS
VARIATION RANGE THRESHOLDS

506~

S08—~]  GENERATE REFERENCE SURFACE IMAGE FROM IMAGE DATA

CALCULATE REQUIRED LARGE SCALE SURFACE HEIGHT
M0~  CORRECTION VALUE ACCORDING TO REFERENCE IMAGE MAP
? AND DETAILED SURFACE HEIGHT CORRECTION VALUE

________________________________________________________________________________________ e AR AR

FIG.5
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600 ~

602~ 5
ACQUIRE FRONT AND BACK SURFACE PHASE MAP

604~  CALCULATE DIFFERENCE PHASE MAP OF FRONT AND BACK
; PHASE MAP WITH CAVITY SLOPE CORRECTION

1| PERFORM REQUIRED FILTERING ON SPARSE FRINGE DIFFERENCE
006~  PHASE MAP TO ENHANCE PHASE UNWRAPPING QUANTITY

608—.] UNWRAP BACK SURFACE PHASE MAP AND FILTERED SPARSE
| DIFFERENCE PHASE MAP TO GENERATE BACK SURFACE MAP
AND FILTERED THICKNESS MAP

610—~_| COMBINE BACK SURFACE MAP AND FILTERED THICKNESS MAP
] FROM FILTERED SPARSE DIFFERENCE PHASE MAP TO PRODUCE
FRONT PATTERN WAFER SURFACE MAP

FIG.6
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SYSTEMS AND METHODS FOR EFFECTIVE
PATTERN WAFER SURFACE
MEASUREMENT AND ANALYSIS USING
INTERFEROMETRY TOOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 335
U.S.C. §119(e) of U.S. Provisional Application Ser. No.

62/069,312, filed Oct. 28, 2014. Said U.S. Provisional
Application Ser. No. 62/069,312 1s hereby incorporated by
reference in 1ts entirety.

TECHNICAL FIELD

The disclosure generally relates to the field of semicon-
ductor fabrication, and particularly to patterned water geom-
etry measurement techniques.

BACKGROUND

Thin polished plates such as silicon waters and the like are
a very important part of modern technology. A water, for
instance, may refer to a thin slice of semiconductor material
used in the fabrication of itegrated circuits and other
devices. Other examples of thin polished plates may include
magnetic disc substrates, gauge blocks and the like. While
the technique described here refers mainly to waters, 1t 1s to
be understood that the technique also 1s applicable to other
types of polished plates as well. The term watfer and the term
thin polished plate may be used interchangeably in the
present disclosure.

Fabricating semiconductor devices typically includes pro-
cessing walers using a number of fabrication processes. For
example, lithography 1s a semiconductor fabrication process
that involves transierring a pattern from a reticle to a resist
arranged on a semiconductor water. Additional examples of
semiconductor fabrication processes include, but are not
limited to, chemical-mechanical polishing (CMP), etching,
deposition, and 1on implantation. Multiple semiconductor
devices may be fabricated 1n an arrangement on a single
semiconductor waler and then separated into individual
semiconductor devices.

Metrology processes are used at various steps during a
semiconductor manufacturing process to momtor and con-
trol one or more semiconductor layer processes. Some of
these characteristics include the shape, tlatness and thick-
ness uniformity of the waters. While conventional metrol-
ogy systems may be able to monitor and control these
characteristics, they are generally utilized for handling
unpatterned/bare waters. Therein lies a need for systems and
methods for wafer geometry measurements suitable for any
walers, including patterned waters, without the aforemen-
tioned shortcomings.

SUMMARY

An embodiment of the present disclosure 1s directed to a
system. The system may include at least one 1maging device
configured to acquire at least one of an 1mage of a front
surface ol a waler and at least one 1mage of a back surface
of the wafler. The system may also include at least one
processor 1n communication with the at least one imaging,
device. The at least one processor may be configured to:
calculate at least one of a front surface phase map of wafer
based on the image of the front surface of the water and a
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back surface phase map of the wafer based on the image of
the back surface of the water; calculate at least one of a front

surface height map based on the front surface phase map and
a back surface height map based on the back surface phase
map of the waler; identily at least one artifact region within
the front surface height map at least partially based on the
front surface height map and the back surface height map;
generate a reference height map based on the front surface
height map with the at least one artifact region excluded;
calculate a surface height correction value at least partially
based on the reference height map, the front surface height
map, and the front surface phase map; and apply the surface
height correction value to obtain an error-corrected front
surface height map.

A further embodiment of the present disclosure 1s also
directed to a method. The method may include: acquiring a
front surface phase map of a waler; calculating a front
surface height map based on the front surface phase map;
filtering the front surface height map; identifying at least one
region within the front surface height map that contains large
height variations; performing convex hull analysis of the
front surface height map based on the at least one region to
identify at least one artifact region; generating a reference
height map based on the front surface height map with the
at least one artifact region excluded; calculating a surface
height correction value at least partially based on the refer-
ence height map, the front surface height map, and the front
surface phase map; and applying the surface height correc-
tion value to obtain an error-corrected front surface height
map.

An additional embodiment of the present disclosure is
directed to a method. The method may include: acquiring a
front surface phase map of watfer and a back surface phase
map of the waler; calculating a front surface height map
based on the front surface phase map and a back surface
height map based on the back surface phase map of the
waler; calculating water thickness data based on the front
surface height map and the back surface height map; 1den-
tifying at least one artifact region within the front surface
height map based on the water thickness data; generating a
reference height map based on the front surface height map
with the at least one artifact region excluded; calculating a
surface height correction value at least partially based on the
reference height map, the front surface height map, and the
front surface phase map; and applying the surface height
correction value to obtain an error-corrected front surface
height map.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not necessarily restrictive
of the present disclosure. The accompanying drawings,
which are incorporated in and constitute a part of the
specification, illustrate subject matter of the disclosure.
Together, the descriptions and the drawings serve to explain
the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The numerous advantages of the disclosure may be better
understood by those skilled 1n the art by reference to the
accompanying figures in which:

FIG. 1 1s an 1illustration depicting surface errors that are
typically observed during patterned waler geometry mea-
surements;

FIG. 2 1s a flow diagram depicting an embodiment of a
method for identifying surface errors based on surface
filtering and convex hull analysis;
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FIG. 3 1s an 1llustration depicting identification of artifact
regions;

FIG. 4 1s an illustration depicting correction of surface
errors and phase consistency constraints;

FIG. 5 1s a flow diagram depicting an embodiment of a
method for identifying surface errors based on water thick-
ness;

FIG. 6 1s a flow diagram depicting an embodiment of a
method for reconstruction of a water surface map;

FIG. 7 1s an 1llustration depicting generation of a differ-
ence phase map;

FIG. 8 1s a flow diagram depicting an embodiment of a
method for unwrapping a front surface phase map with
assistance ol information obtained from unwrapping a back
surface phase map; and

FIG. 9 1s a block diagram depicting an embodiment of a
waler measurement system.

DETAILED DESCRIPTION

Reference will now be made 1n detail to the subject matter
disclosed, which 1is illustrated in the accompanying draw-
ngs.

Embodiments of the present disclosure are directed to
systems and methods for providing improved water geom-
etry measurements. It 1s noted that the term waler geometry
in the present disclosure refers to water front side height,
backside height, thickness variation, flatness, and all conse-
quent derivatives such as shape, topography, or the like.

Interferometer waler metrology systems, such as Water-
Sight metrology system from KL A-Tencor, may scan both
the front and back surfaces of a wafer at the same time. By
combining waler shape, edge roll-ofl, thickness or flatness,
and topography measurements in a single scan, such wafer
metrology tools may provide complete data sets that are
necessary for topography and waler geometry monitoring in
waler manufacturing.

It 1s noted, however, 1 a waler being measured has a
patterned surface, the phase map of that patterned surface
can be very complex to unwrap and the patterned structures
on the wafer surface may introduce surface errors that aflect
measurement accuracies. It 1s therefore important to design
measurement systems and methods that can identify and
reduce these types of surface errors in order to accurately
reconstruct patterned water surfaces. It 1s contemplated that
such measurement systems and methods may also be uti-
lized to monitor and control various watfer fabrication pro-
cesses with improved accuracy.

FIG. 1 1s an illustration depicting some surface errors that
are typically observed during patterned wafer geometry
measurements. More specifically, the map 102 depicts a
reconstructed patterned water surface map (unwrapped from
the phase map) and the map 104 depicts the result of
processing the map 102 using high-pass filtering. It 1s noted
that there are many erroneous surface bumps 106 (e.g., due
to phase unwrapping errors or the like), which may severely
aflect the accuracy of the measurement.

The measurement systems and methods disclosed herein
may overcome the aforementioned problems by reducing
surface errors while still keeping the important wafer shape
and pattern structure imformation intact. FIG. 2 1s a flow
diagram depicting one of the techniques that may be utilized
by the measurement systems and methods disclosed herein.

More specifically, the method 200 may be utilized to
accurately i1dentily surface errors based on surface filtering
and convex hull analysis. As shown 1n FIG. 2, the method

200 may first acquire a phase map of the patterned water

10

15

20

25

30

35

40

45

50

55

60

65

4

surface from interferometer intensity frames and calculate a
surface height map based on the acquired phase map 1n step
202. Typically, the patterned water surface is referred to as
the “front” surface while the unpatterned/bare surface 1s
referred to as the “back”™ surface. It 1s to be understood,
however, that the terms “front” and “back’ are merely used
to distinguish a first surface of the waler from a second
(opposite) surface of the same wafer. In some 1nstances, the
front surface of the waler may be patterned and the back
surface of the water may be unpatterned. It 1s contemplated,
however, that such a configuration 1s merely exemplary and
1s not meant to be limiting.

Once the surface height map of the front wafer surface 1s
calculated, step 204 may perform filtering (e.g., high-pass
filtering) on the front surface height map and step 206 may
identify regions of the surface height map that may contain
large height vanations. For instance, 1f the surface height
variation of a particular region 1s greater than a surface
height variation threshold, that particular region may be
considered as an erroneous region due to 1its large surface
height variation. It 1s contemplated that the surface height
variation threshold may be determined manually and/or
systematically. For example, in certain implementations, the
threshold may be determined at least partially based on the
surface slope and/or the wavelength of the laser used by the
measurement system. Alternatively and/or additionally, the
threshold may be determined based on measurement statis-
tics or some preconfigured settings.

Once the regions with large surface height variations have
been 1dentified, step 208 may be utilized to perform convex
hull analysis to 1dentity additional regions that may also be
considered erronecous. FIG. 3 1s an illustration depicting a
convex hull analysis performed on an exemplary water 300.
It 1s noted that the convex hull analysis may recognize not
only the regions with large surface height variations previ-
ously 1dentified 1n step 206, but also additional regions 304
that are enclosed by the some of the regions 302 already
identified 1n step 206. These additional regions 304, recog-
nized i step 208, may also be considered as erroneous
regions along with the regions already 1dentified in step 206.

For illustrative purpose, the erroneous regions i1dentified
in steps 206 and 208 may be collectively referred to as
artifact regions (shown as white pixels 1n FIG. 3). Once the
artifact regions have been recognized, they may be excluded
from the front surface height map so that only artifact-free
regions may remain (shown as black pixels in FIG. 3). Step
210 may then fit a polynomial of a selected order (e.g., a
two-dimensional polynomial) to the front surface height
map containing only the artifact-free regions to generate a
reference height map. Subsequently, the difference between
the reference height map and the original surface height map
can be calculated and used to estimate a large scale surface
height correction value 1n step 212.

In certain implementations, the large scale surface height
correction value may be defined as integer multiples of A/2
where A 1s the wavelength of the laser used by the water
geometry measurement system. For example, 11 the difler-
ence between the reference height map and the original
surface height map 1s 12.2*%(A/2), the large scale surface
height correction may be determined to be 12%*(A/2).

Also calculated 1n step 212 are the detailed surface height
correction values that may be applied to the previously
excluded artifact regions (1.e., the white pixels i FIG. 3).
The detailed scale surface height correction values may be
defined (and illustrated 1n FIG. 4) as the remaining surface
height corrections needed after applying the large scale
surface height correction in order to correct the water
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surface height map so that the final corrected water surface
height map 402 (obtained in step 214) can be remapped
(wrapped) mto a phase map 404 that 1s substantially 1den-
tical to the phase map 406 originally acquired from inter-
ferometer ntensity frames.

In certain i1mplementations, the artifact-iree regions
(shown as black pixels i FIG. 3) may be used to help
determine the detailed surface height correction values
needed for the artifact regions (shown as white pixels in
FIG. 3). It 1s noted that the detailed corrections are only
carried out on the artifact regions; no detailed adjustments
are needed for the artifact-free regions after the large scale
surface height correction. It 1s noted that performing the
correction in this manner allows the correction method 200
to keep the phase maps 404 and 406 consistent while still
preserving the water surface details. It 1s also noted that
since the correction method 200 1s applicable by obtaining
only one side of the wafer (e.g., the front surface), the
correction method 200 may be appreciated 1n various appli-
cations, especially i1t the waler measurement system does
not support simultancous measurements of both sides of the
walfler.

It 1s noted, however, that here are measurement systems
available that are capable of acquiring water front and back
surfaces simultaneously. FIG. 5 1s a flow diagram depicting
a correction method 500 that may be utilized by measure-
ment systems that are capable of acquiring both watfer front
and back surfaces for more eflicient surface error reduction.

More specifically, as shown 1n FIG. 5, the method 500
may first acquire phase maps of the front and back surfaces
of the wafer and calculate a front surface height map and a
back surface height map based on the acquired phase maps
in step 502. Subsequently, step 504 may calculate wafer
thickness data based on the front and back surface height
maps. The waler thickness data (e.g., expressed using waiter
thickness maps and/or thickness variation histograms or the
like) may then be utilized 1n step 506 to 1dentily regions that
may be considered the as erroneous/artifact regions.

For example, 11 a region contains no surface error from
phase unwrapping, its corresponding water thickness typi-
cally has a very narrow variation range and 1its correspond-
ing thickness variation histogram typically has a very sharp
peak centered at approximately O nm. However, if a region
does contain surface errors, its corresponding thickness
variation histogram may present a large spread. A threshold
may therefore be defined manually (e.g., according to
defined or required thickness variation ranges or limits)
and/or systematically (e.g., based on histogram distributions
or other statistical parameters) to help 1dentify the regions
that have large spread greater than the threshold value. Such
regions may be considered the erroneous/artifact regions.

Once the artifact regions have been identified, process
steps similar to steps 210-214 (previously described) may be
utilized to make corrections to the water surface height map.
More specifically, step 508 may fit a polynomial of a
selected order (e.g., a two-dimensional polynomial) to the
front surface height map containing only the artifact-iree
regions to generate a reference height map; step 510 may
calculate the surface height correction values based on the
difference between the reference height map and the original
surface height map; and step 512 may calculate the final
corrected waler surface height map for the front wafer
surface.

It 1s noted that the abilities to acquire both water front and
back surface maps may support not only effective surface
error correction processes, but also eflective generation of
phase maps with sparse fringe patterns that are more usetul
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for analysis purposes. More specifically, it 1s noted that when
performing the pattern wafer analysis, 1t 1s often required to
separate the high frequency pattern components from the
relatively low frequency shape components, or to perform
certain {iltering processes in order to suppress the pattern
components in the front surface phase map. However, due to
the structures present on the front surface, the front surface
1s often strongly bowed and has much higher surface slopes
than those of bare wafers. Consequently, the phase maps
obtained for patterned walers may have very dense phase
fringes, which may increase the cost of the analysis process
and decrease 1ts eflectiveness.

FIG. 6 1s a flow diagram depicting a method 600 that may
be utilized to improve the eflectiveness of the phase map
analysis. As shown in FIG. 6, the method 600 may first
acquire phase maps of the front and back surfaces 1n step
602. Subsequently, step 604 may calculate the difference of
the front and back phase maps. As 1llustrated in FIG. 7, the
difference of the front and back phase maps (702 and 704,
respectively) may be referred to as the difference phase map
706, which has sparse Iringe patterns that can be more
cliciently handled for analysis, processing and/or unwrap-
ping purposes. Unlike phase maps with dense fringes, larger
filter kernels can be used for phase maps with sparse fringe
patterns to suppress pattern components with long extents
and, 1n many cases, two dimensional filtering approaches,
instead ol one-dimensional filtering, can be employed to
obtain more eflective filtering 1n step 606 for pattern com-
ponent removal or separation. After the pattern components
have been removed from the diflerence phase map 706, the
resulting difference phase map 706 and the back phase map
704 can be unwrapped 1n step 608 and combined in step 610
to indirectly produce a reconstructed front phase map with
pattern components (errors) removed. It 1s noted that since
the back surface usually has much better signal quality (due
to the lack of pattern components and film structures) and
that the signal quality can be further enhanced by effective
filtering, this indirect calculation of the front surface may be
able to produce better front surface reconstruction results
compared to results obtained by unwrapping the front phase
map 702 directly.

It 1s contemplated that the back phase map 704 may also
be utilized to help unwrap the front phase map 702 in certain
implementations. For instance, as shown in FIG. 8, the front
phase map 702 and the back phase map 704 may be
unwrapped 1n steps 802 and 804, respectively, to obtain the
front and back waler surface height maps. It 1s noted that
since walers are constructed using solid materials, the front
and back water surfaces may have similar large scale shapes
and, therefore, similar large scale surface slopes. It 1s also
noted that the heights of the front and back surfaces are
related by the water thickness. These important relations
between the front and back water surfaces can be utilized to
help improve the reconstruction of the front water surface in
step 802, where the calculated back surface slope and
curvature values of both X and Y directions in the back
surface unwrapping process may be provided (via step 806)
to step 802, which may use the information provided by step
806 to constrain the large scale surface slope values calcu-
lated from the front surface phase map.

It 15 also noted that information regarding the back surface
height map may also be fed to step 802 (via step 808). The
back surface height map may be taken into consideration in
step 802 during the front surface unwrapping process so that
the calculated front surface height map will not deviate from
the range defined by the back watfer surface height and the
specified water thickness variation limits. Since the back
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waler surfaces of the patterned waters usually have much
better signal quality than the front wafer surface and the
back water surface can be well reconstructed, the informa-
tion from the back surface phase and the height maps are
very helpful 1in the effective improvement of the front
surface reconstruction by use of this new phase unwrapping
method 800.

Referring now to FIG. 9, a block diagram depicting a
waler metrology tool 900 capable of performing the various
correction methods described above 1s shown. The water
metrology tool 900 may include one or more imaging
devices (e.g., cameras, scanners, microscopes, interferoms-
cters or the like) 902 configured to acquire front and back
surface 1mage/video frames of a water 904.

Data acquired by the imaging device 902 may then be
provided to a processor 906 configured to processing the
acquired data. The processor 906 may be implemented
utilizing any standalone or embedded computing device
(e.g., a computer, a processing unit/circuitry or the like).
Upon receiving the data from the imaging device 902, the
processor 906 may process the received data to reconstruct
the waler surface maps as described above.

It 1s to be understood that the water metrology tool 900
may be utilized to improve performance of various pro-
cesses related to watfer fabrication. For instance, the watfer
metrology tool 900 may be utilized in conjunction with
existing techniques to facilitate defect detection processes.
In another example, the waler metrology tool 900 may be
used as feed-forward and/or feedback controls for a variety
ol fabrication processes.

It 1s contemplated that the advantages provided by the
systems and methods 1n accordance with the present disclo-
sure may be appreciated in various applications. It 15 con-
templated that while some of the examples above referred to
certain specific process tools, the systems and methods 1n
accordance with the present disclosure are applicable to
other types ol process tools, which may also benefit from
resolution-enhanced measurements without departing from
the spirit and scope of the present disclosure. In addition, 1t
1s contemplated that the term wafler used in the present
disclosure may include a thin slice of semiconductor mate-
rial used in the fabrication of integrated circuits and other
devices, as well as other thin polished plates such as
magnetic disc substrates, gauge blocks and the like.

The methods disclosed may be implemented 1n various
waler geometry measurement tools as sets of instructions
executed by one or more processors, through a single
production device, and/or through multiple production
devices. Further, 1t 1s understood that the specific order or
hierarchy of steps in the methods disclosed are examples of
exemplary approaches. Based upon design preferences, 1t 1s
understood that the specific order or hierarchy of steps 1n the
method can be rearranged while remaining within the scope
and spirit of the disclosure. The accompanying method
claims present elements of the various steps 1 a sample
order, and are not necessarily meant to be limited to the
specific order or hierarchy presented.

It 1s believed that the system and method of the present
disclosure and many of its attendant advantages will be
understood by the foregoing description, and 1t will be
apparent that various changes may be made in the form,
construction and arrangement of the components without
departing from the disclosed subject matter or without
sacrificing all of its material advantages. The form described
1s merely explanatory.
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What 1s claimed 1s:

1. A system, comprising;

at least one 1maging device configured to acquire at least
one of an 1mage of a front surface of a water and at least
one 1mage of a back surface of the wafer; and

at least one processor in communication with the at least

one 1maging device, the at least one processor conifig-
ured to:
calculate at least one of a front surface phase map of the
waler based on the image of the front surface of the
waler and a back surface phase map of the wafer
based on the image of the back surface of the wafer;
calculate at least one of a front surface height map
based on the front surface phase map and a back
surface height map based on the back surface phase
map of the water;
identify at least one artifact region within the front
surface height map based on at least one of the front
surface height map and the back surface height map:;
generate a reference height map based on the front
surface height map with the at least one artifact
region excluded;
calculate a surface height correction value at least
partially based on the reference height map, the front
surface height map, and the front surface phase map:;
and
apply the surface height correction value to obtain an
error-corrected front surface height map.
2. The system of claim 1, wherein the at least one
processor 1s configured to 1dentify the at least one artifact
region by:
filtering the front surface height map;
identifying at least one region within the front surface
height map that contains large height variations; and

performing convex hull analysis of the front surface
height map based on the at least one region to identify
the at least one artifact region.

3. The system of claim 2, wherein the front surface height
map 1s filtered by high-pass filtering.

4. The system of claim 1, wherein the at least one
processor 1s configured to identify the at least one artifact
region by:

calculating wafer thickness data based on the front surface

height map and the back surface height map; and
identifying the at least one artifact region within the front
surface height map based on the water thickness data.

5. The system of claim 4, wherein the water thickness data
includes at least one of: a waler thickness map and a
thickness variation histogram.

6. The system of claim 5, wherein the at least one
processor 1s configured to 1dentify the at least one artifact
region by:

identifying at least one region within the front surface

height map that contains a large thickness variation
spread as the at least one artifact region.

7. The system of claim 1, wherein the at least one
processor 1s configured to generate the reference height map
by:

fitting a polynomial of a selected order to the front surface

height map with the at least one artifact region
excluded to generate the reference height map.

8. The system of claim 1, wherein the at least one
processor 1s configured to calculate the surface height cor-
rection value by:

calculating a large scale surface height correction value

based on a difference between the reference height map
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and the front surface height map calculated based on
the front surface phase map.

9. The system of claim 8, wherein the large scale surface
height correction value 1s an 1nteger multiple of A/2 where
A 1s a wavelength of a laser used to acquire the front surface
phase map of the wafer.

10. The system of claam 9, wherein the at least one
processor 1s configured to calculate the surface height cor-
rection value by:

calculating a detailed scale surface height correction value

for the at least one artifact region excluded from the
front surface height map.

11. The system of claim 10, wherein the detailed scale
surface height correction value 1s applied after applying the
large scale surface height correction value to further correct
the error-corrected front surface height map so that the
error-corrected front surface height map corresponds to a
phase map that 1s substantially 1dentical to the front surface
phase map of the water originally acquired in the acquiring
step.

12. The system of claam 1, wherein the at least one
processor 1s further configured to unwrap the front surface
phase map by taking into consideration at least one of: the
back surface phase map and the back surface height map.

13. The system of claam 1, wherein the at least one
processor 1s Turther configured to calculate the front surface
height map by taking into consideration at least one of: the
back surface phase map and the back surface height map.

14. A method, comprising:

acquiring a front surface phase map of a water;

calculating a front surface height map based on the front

surface phase map;
filtering the front surface height map;
identifying at least one region within the front surface
height map that contains large height variations;

performing convex hull analysis of the front surface
height map based on the at least one region to identify
at least one artifact region;

generating a reference height map based on the front

surface height map with the at least one artifact region
excluded:

calculating a surface height correction value at least

partially based on the reference height map, the front
surface height map, and the front surface phase map;
and

applying the surface height correction value to obtain an

error-corrected front surface height map.

15. The method of claim 14, wherein said filtering the
front surface height map further comprises:

filtering the front surface height map using high-pass

filtering.

16. The method of claim 14, wherein said 1dentifying at
least one region within the front surface height map con-
taining large height variations further comprises:

identifying at least one region within the front surface

height map that contains height variations above a
surface height variation threshold.

17. The method of claim 14, wherein said generating a
reference height map further comprises:

fitting a polynomial of a selected order to the front surface

height map with the at least one artifact region
excluded to generate the reference height map.

18. The method of claim 14, wherein said calculating a
surface height correction value further comprises:

calculating a large scale surface height correction value

based on a difference between the reference height map
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and the front surface height map calculated based on
the front surface phase map.

19. The method of claam 18, wherein the large scale
surface height correction value 1s an 1integer multiple of A/2
where A 1s a wavelength of a laser used to acquire the front
surface phase map of the water.

20. The method of claim 19, wherein said calculating a
surface height correction value further comprises:

calculating a detailed scale surface height correction value

for the at least one artifact region excluded from the
front surface height map.

21. The method of claim 20, wherein the detailed scale
surface height correction value 1s applied after applying the
large scale surface height correction value to further correct
the error-corrected front surface height map so that the
error-corrected front surface height map corresponds to a
phase map that 1s substantially 1dentical to the front surface
phase map of the waler originally acquired 1n the acquiring
step.

22. A method, comprising:

acquiring a front surface phase map of walfer and a back

surface phase map of the wafer;
calculating a front surface height map based on the front
surface phase map and a back surface height map based
on the back surface phase map of the water;

calculating wafer thickness data based on the front surface
height map and the back surface height map;

identifying at least one artifact region within the front
surface height map based on the water thickness data;

generating a reference height map based on the front
surface height map with the at least one artifact region
excluded:

calculating a surface height correction value at least

partially based on the reference height map, the front
surface height map, and the front surface phase map;
and

applying the surface height correction value to obtain an

error-corrected front surface height map.

23. The method of claim 22, wherein the water thickness
data includes at least one of: a water thickness map and a
thickness variation histogram.

24. The method of claim 23, wherein said identifying at
least one artifact region within the front surface height map
further comprises:

identifying at least one region within the front surface

height map that contains a large thickness variation
spread as the at least one artifact region.

25. The method of claim 22, wherein said generating a
reference height map further comprises:

fitting a polynomial of a selected order to the front surface

height map with the at least one artifact region
excluded to generate the reference height map.

26. The method of claim 22, wherein said calculating a
surface height correction value further comprises:

calculating a large scale surface height correction value

based on a difference between the reference height map
and the front surface height map calculated based on
the front surface phase map.

27. The method of claim 26, wherein the large scale
surface height correction value 1s an integer multiple of A/2
where A 1s a wavelength of a laser used to acquire the front
surface phase map of the waler.

28. The method of claim 27, wherein said calculating a
surface height correction value further comprises:

calculating a detailed scale surface height correction value

for the at least one artifact region excluded from the
front surface height map.
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29. The method of claim 28, wherein the detailed scale
surface height correction value 1s applied after applying the
large scale surface height correction value to further correct
the error-corrected front surface height map so that the
error-corrected front surface height map corresponds to a 5
phase map that 1s substantially 1dentical to the front surface
phase map of the wafer originally acquired 1n the acquiring,

step.
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